Microbial contamination of meat leads to rapid spoilage and thus seriously affecting the consumer acceptance and economic loss 1 . During the process and storage, the meat is more prone to pigment and lipid oxidation, thus decreasing organoleptic qualities of the meat products and posing a major problem in the storing of convenient meat products and processes [2] [3] . Food-borne infections involving meat products cause increased consumer awareness of possible contamination with pathogens 4 . As a result increased regularity controls have been introduced to ensure the safety of food. Chilled processed foods have been marked to satisfy the demand for convenient and fresh food products. However, such products could lead to new microbiological risk, problems related to certain pathogenic microorganisms that can multiply at chilled temperature 5 .
Irradiation is one possible method to help assure meat safety. The advantages of irradiation in controlling microorganisms in meat are well known 1, 6 . It had been reported earlier 5 that the shelf life of fish and fish kebab could be extended by irradiation and sun drying prior to storage at room temperature. This paper reports on the influence of irradiation and vacuum packaging prior to refrigeration storage on shelf life of beef kebab was investigated.
Beef kebab was prepared using the following ingredients: minced beef (2.5 kg), onion (300 g), eggs (4 pieces), chilli (8 pieces), black pepper powder (1 tea spoon), garlic (100 g), turmeric powder (1 tea spoon), table salt (2.5 tea spoon), cumin powder (2 tea spoon), clove powder (2 tea spoon), biscuit powder (300 g), flour (1 tea spoon) and tasting salt (1 tea spoon). After deep-frying in soybean oil, the kebab samples were sealed aseptically in presterilized (with 15 kGy gamma irradiation) polyethylene pouches and divided into two sets, one with and another without vacuum packaging. Each set was further divided into three groups; one group of kebab was kept as control (without irradiation) and the second and the third groups were irradiated with gamma at 2.5 kGy and 5 kGy respectively. Irradiation was applied to the kebab samples from a 60 Co gamma source of 50 kCi (present activity 25.08 kCi, dose rate 0.915 kGy/h) located at Institute of Food and Radiation Biology (IFRB), AERE, Savar, Dhaka. The control and the irradiated samples were stored at refrigeration temperature (6°t o 8°C) for quality assessment.
For quality assessment of the kebab samples stored at refrigeration temperature, chemical, microbiological and organoleptic parameters were monitored periodically. Thiobarbitaric acid (TBA) and free fatty acid (FFA) values of the kebab samples were estimated at different stages. These parameters were taken as the chemical indices of freshness for the beef kebab. TBA was determined by the method of Tarladgis et al. 7 . The FFA value was estimated according to the method of Pearson 8 . The microbiological counts of the samples were determined by using the decimal dilution technique followed by standard spread plate count 9 using nutrient agar (Scharlau, Barcelona, Spain) for total bacterial counts and potato dextrose agar (Scharlau, Barcelona, Spain) for total fungal counts. Sensory evaluation of the shelf life of beef kebab was carried out using oranoleptic test scored on a 9 point hedonic scale as described by Miyauchi et al. 10 . The samples were judged by six judges for the overall acceptability and sensory properties, in terms of colour, odour, texture and taste.
Thiobarbitaric acid (TBA) values of unirradiated, irradiated and irradiated-vacuum packaged samples were found to increase with the prolongation of the storage time at refrigeration temperature ( Figure 1) . The values were found to be higher in irradiated samples than in unirradiated samples. Similar relationships between irradiated and unirradiated meat were also reported by Kwon et al. 11 . The TBA values have been commonly considered as an index of lipid rancidity. Gamma irradiation induces the oxidation of lipids especially the unsaturated lipid and produce lipid oxides. Subsequent decomposition of the unstable lipid oxides produces malonaldehyde. Increase of the TBA values during storage is due to the decomposition of the oxidized lipids 12 . Table 1 summarizes the total bacterial count of irradiated and vacuum packaged beef kebab during refrigeration. It was found that the bacterial counts of the samples, with or without vacuum packaging, were greatly decreased by irradiation treatment. In addition, no viable fungal count was detected in the samples irradiated with 2.5 or 5 kGy gamma radiation during the storage for 10 weeks (data not shown). The results clearly indicate that irradiation was very effective in reducing microbial loads. Niemand et al. 13 reported that a total bacterial count of 10 7 cfu/g of meat and meat products could be considered as the upper limit of microbiological acceptability. It was observed from this study that the microbial loads of the kebab samples, stored at refrigeration temperature with or without vacuum packaging, were within acceptable limit up to 2, 4 and 6 weeks respectively for unirradiated, 2.5 kGy-irradiated and 5 kGy-irradiated samples. According to WHO 14 , FEHD 15 and FSAI 16 , a total bacterial count of l0 5 cfu/g is considered as the acceptable limit for meat kebab, and the acceptable storage period specified is 4 weeks if the sample is at refrigeration temperature. These values were found to be higher in unirradiated samples than in irradiated samples. The FFA values with all treatments were within acceptable limit up to 8 weeks. The results agree with the study of Choudhury et al. 13 . Kebab is a convenient ready-to-eat beef product, which is commercially prepared, hence the self-life extension and hygienic quality is very important for economic concern of traders and the safety of consumers. Irradiation could be effectively used for the shelf life extension and improving safety of such produces. In our present study, a dose of 5 kGy and 2.5 kGy extended the shelf life of beef kebab more than 4 weeks and 2 weeks respectively compared to the unirradiated samples stored at refrigeration temperature.
irradiated with 5 kGy gamma radiation, with or with out vacuum packaging. On the basis of microbiological studies, it was observed in this study that vacuum packing had little influence on the extension of self-life of beef kebab. Figure 3 shows the orgnaoleptic scores of kebab samples. It was observed that the unirradiated, 2.5 kGy-irradiated and 5 kGyirradiated samples were orgnaoleptically acceptable respectively up to 4, 6 and 10 weeks storage at refrigeration temperature, no matter how they packaged, vacuum packaged or not. Miyauchi et al. 10 stated that the average sensory score of 5 might be acceptable. On the basis of organoleptic evaluation, it was found that the radiation dose of 5 kGy and 2.5 kGy could extend the shelf life of kebab for more than 5 and 2 weeks respectively. 
